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Theoretical analysis of the pulsatility discrimination algorithm
This supplementary section details the theoretical basis of the blood flow classification as pulsatile or non pulsatile using the TVCF computed from the improved PW Doppler. The first part is dedicated to the statistics of the speckle noise on Doppler spectra. In a second part, the theoretical TVCF without speckle noise will be studied then the measured TVCF will be expressed. In the last part, the measured TVCF will be studied in the case of a non pulsatile flow to set an automatic thresholding between the pulsatile and non pulsatile flows.
Statistics of the speckle noise
The mean time value The aim of this paragraph is to calculate the statistical mean value of the speckle noise on the normalized Doppler spectrum. We start by introducing the normalized (using the energy) PW Doppler:
, , can be written as:
with , , being the normalized PW Doppler spectrum without speckle noise and , , representing the speckle noise perturbation acting as a multiplicative noise. As a consequence of equation (10) and (11):
By taking the average value of the time dimension (〈 〉 ) previous equation gives:
As the theoretical spectrum , , and the speckle , , are independent:
Due to the fact that , , is normalized ( 〈 , , 〉 = 1 ) and that the statistics of speckle noise do not depend on the time or the frequency, we deduce that:
To simplify the calculus, we can introduce !:
So that:
The correlation values As the speckle noise is assumed to be completely decorrelated at two different times, it is also decorrelated at two different frequencies, so we can write:
with & representing the variance of the speckle noise and can be associated with the reflectivity of the medium.
TVCF without speckle noise
The aim of this part is to evaluate the theoretical TVCF without the presence of speckle noise: The central frequency can be evaluated using the first order momentum of theoretical normalized spectrum , , :
TVCF (time variance of the central frequency) can be written as:
So:
which reduces into:
TVCF with speckle noise
In this paragraph, we aim at expressing the measured TVCF.
Evaluating the central frequency versus time
We start by introducing the averaged PW Doppler spectrum: 
where : is number of heart cycles averaged and 7 is the heart cycle duration. As , ,
does not depend on which heart cycle it is evaluated:
so equation (24) 
The measured central frequency can be computed using the first order momentum formula:
so using equation ( 
Evaluating the TVCF with speckle noise The TVCF represents the time variance of the measured central frequency so it can be expressed as:
so we need to compute 〈 , ²〉 and 〈 , 〉 . 
We introduce !: So 〈 , $ , − 6 $ 7 , % , − 6 % 7 〉 in equation (31) can be written as:
, % , − 6 % 7 〉 = 1 + 〈! , $ , − 6 $ 7 〉 + 〈! , % , − 6 % 7 〉 +〈! , $ , − 6 $ 7 ! , % , − 6 % 7 〉 (32)
Using equation (31) and (32) 
Now, we can analyze 〈 , 〉 :
The previous equation becomes:
So using equation (15) it reduces to:
By combining eq. (15), (22); (33), the measured TVCF can be expressed as:
We define the influence of the speckle noise (without averaging on different cardiac cycles) as:
We can conclude that: 
TVCF of a non pulsatile flow
To set an automatic thresholding between pulsatile and non pulsatile flows, the TVCF of a non pulsatile flow is studied. For each location 5, as the flow is non pulsatile +,-
